“Calhoun 


Institutional Archive of the Naval Postgraduate School 





Calhoun: The NPS Institutional Archive 
DSpace Repository 


Theses and Dissertations 1. Thesis and Dissertation Collection, all items 


1968 


Stabilizing fins for underwater coring tools 


Honhart, David Crosby 


Monterey, California. Naval Postgraduate School 
http://ndl.handle.net/10945/13096 


This publication is a work of the U.S. Government as defined in Title 17, United 
States Code, Section 101. Copyright protection is not available for this work in the 
United States. 


Downloaded from NPS Archive: Calhoun 


: Calhoun is the Naval Postgraduate School's public access digital repository for 
/ (8 D U DLEY research materials and institutional publications created by the NPS community. 
«ist : Calhoun is named for Professor of Mathematics Guy K. Calhoun, NPS's first 


NY KNOX appointed — and published -- scholarly author. 

; | LIBRARY Dudley Knox Library / Naval Postgraduate School 

411 Dyer Road / 1 University Circle 
Monterey, California USA 93943 





http://www.nps.edu/library 


NPS ARCHIVE 


1968 
HONHART, D. 


STABILIZING FINS FOR UNDERWATER 
CORING TOOLS 


by 


David Crosby Honhart 

















DUDLEY KNOX L!BRARY 
NAVAL POS1G*.ADUATE SCHOOL 
MONTEREY CA 93943-5101 


United States 
Naval Postgraduate School 





THESIS 


STABILIZING FINS FOR UNDERWATER 
CORING TOOLS 


by 


David Crosby Honhart 





December 1968 


This document has been approved for public re- 
Lease and sale; 1t6 distribution 46 unlimited. 


LIBRARY 


Us, NAVAL POSTGRADUATE sCHOOE 


MONTEREY, CALIFORNIA 








STABILIZING FINS FOR UNDERWATER CORING TOOLS 
by 
David Crosby Honhart 


Lieutenant, Unite ‘States Navy 
B. S., Naval Academy, 1963 


Submitted in partial fulfillment of the 
requirements for the degree of 


MASTER OF SCIENCE IN OCEANOGRAPHY 
from the 


NAVAL POSTGRADUATE SCHOOL 
December 1968 


ABSTRACT 

It is essential that the force vector of the weight of a coring tool 
act along a line that is parallel to the longitudinal axis of the core 
barrel. Such an alignment enables corers to obtain deeper, less disturbed 
core samples. The probability of bending the core barrel is furthermore 
greatly reduced. A fin assembly that provides the maximum righting moment 
for one shape of coring tool does not necessarily provide the maximum 
moment for a different shape. The optimum fin design is determined by 
testing. A fin assembly for a particular coring tool has been devised 
which reduces the probability of the force vector not acting parallel to 
the longitudinal axis. The optimum design is a vane-shroud fin assembly. 
The shape of the shroud is conical. Slotting the shroud by removing 
longitudinal strips improves the righting capability at higher angles of 


deviation, but is slightly inferior to the full shroud at lesser angles. 
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Alignment: 


Angle of Deviation: 


Fin Assembly: 


Inferior: 


Pitch: 


Range: 


Righting Moment: 


Separation Distance: 


Shroud: 
Superior: 


Type: 


Vanes: 


Yaw: 


NOMENCLATURE AND SYMBOLS 


refers to vane orientation about the longitudinal 
axis of the model with respect to horizontal and 
vertical 


(06), measured in the vertical in degrees 


consisting of four vanes with or without exterior 
shroud 


refers to having less righting moment 


to deviate from a line of sight by angular 
motion about the transverse horizontal axis 
of the model 


refers to the range of the angle of deviation, 
0° to 35° through which testing was conducted 


(-) moment infers a return to vertical descent 
(+) moment infers turning away from vertical 
descent 


minimum distance from the rear of the driving 
weight to the most forward part of the fin 


exterior covering over the vanes 

refers to better righting moment 

Regular (reg.), tapered edge (leading edge) 
of vanes is pointed toward the driving weight 


Reversed (rev.), tapered edge of vanes is 
pointed away from the driving weight 


Modified (mod.), exterior shroud is cut back 
to the point of intersection of vane and shroud 


Slotted (slo.), longitudinal strips are cut 
and removed from the shroud. The width of a 
strip is approximately 1/8 of the shroud 
circumference. Four strips were removed from 
each fin assembly 


flat extended surface attached parallel to the 
longitudinal axis of the coring tool model 


to deviate from a line of sight by angular 
motion about the transverse vertical axis 
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INTRODUCTION 

There is a variance of opinion as to the necessity of having stabili- 
zing fins on underwater sediment coring tools. This diversity can be at- 
tributed to the general lack of research on the subject of coring tool 
stabilization, as is evidenced by the sparsity of prior information. 

According to Rosfelder (1966) the main present concern in short core 
sampling is to obtain an undisturbed sample. The combination of slow, 
steady penetration rate and a minimum entry angle on the core cutter 
achieves this goal. Minimum entry angle and the greatest depth penetra- 
tion are simultaneously achieved by a coring tool that has the force 
vector of its total weight acting parallel to the longitudinal axis of 
the core barrel. Should the force vector deviate from this ideal trend 
by any angular amount, the depth of penetration will be reduced, the 
disturbance of the sample increased, and the probability of bending the 
core barrel increases. One method of obtaining slow, steady penetration 
is with the use of a high drag, high stability fin assembly. 

Free fall coring tools without fins seek to orient themselves so as 
to fall on their sides when offset the slightest amount from a vertical 
descent. The majority of all coring tools are lowered on wires. Because 
of the tension maintained on the wire during lowering, the coring tool is 
held upright during its entire descent. The coring tools that do not ex- 
perience a free fall phase during its descent may not require fin stabili- 
zation. 

Hvorslev (1949) states that the energy available to force a gravity 
coring tube into the bottom sediments is composed of the static energy or 
weight of the coring tool, and of the kinetic energy or velocity of the 
tool as it reaches the bottom. Hvorslev further noted that additional 


energy and velocity can be obtained by attaching the coring tool to the 
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cable in such a manner that it is released at a predetermined distance 
from the bottom, and then allowed to fall freely through the water. 
The probability that a coring tool without fins will become offset from 
the vertical increases with the height of release. 

The foregoing indicates the desirability for a fin type device that 
will provide the greatest amount of righting moment to insure a return 
to the vertical descent as quickly as possible. The subject of this 


investigation has been to study the relative righting moment of various 


fin assemblies. 
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25 WIND TUNNEL TESTING 

One means of measuring the moment and drag characteristics of various 
fin assemblies is to make scale models of the fins, and by use of a wind 
tunnel and its associated equipment to make the necessary measurements. 
According to Pope (1966) wind tunnels should be used because they pro- 
vide a rapid, economical and accurate means for aerodynamic research. 
Ohart (1946) and Poston (1948) state that the optimum fin design for a 
particular shaped body can be determined only from testing. It is possi- 
ble to calculate the moment and drag of fin assemblies and body shapes 
from theory. However the difficulty of obtaining an accurate result in- 
creases with the complexity of the fin assembly - body shape, and solu- 
tions to complex fin-body combinations are not easily attained. 

Meaningful wind tunnel modeling is dependent upon simulating the 
conditions of flow in the fluid field in which the actual coring will 
occur. This requires the matching of the Reynolds Number and the Mach 
Number. 

Two flow systems are considered by Streeter (1958) to be dynamically 
similar when corresponding linear dimensions have a constant ratio, and 
pressure intensities at corresponding points have a constant ratio. 
Reynolds deduced that two flow situations would be dynamically similar 
if the general differential equation describing their flow were identical. 
By changing the values of length, time, and mass in one set of equations 
and then determining the conditions that must be satisfied to make them 
identical to the original equations, Reynolds found that the dimension- 


less group 


u fl 


fA 


= speed of flow 
characteristic dimension 
density of the medium 
44= dynamic viscosity 


He 
it 


must be the same for both flows. 
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The approach used is to solve for a Reynolds number representative 
of a coring tool descending in water, and then to calculate the wind 
tunnel air speed necessary to match that Reynolds number. 

The choice of cross-sectional dimension to use as the characteris- 
tic dimension is umimportant since a constant ratio exists between the 
dimensions of the actual coring tool and the model. The same air speed 
will be calculated regardless of the dimension used, provided that the 
dimensions are of similar parts of the tool and model, (as for instance 
the driving weights). 

Hvorslev (1949) states that the safe unreeling speed of a winch and 
therefore the downward velocity of a gravity coring tool is normally be- 
tween 3 and 10 feet per second (fps). To compute the Reynolds number an 
average speed of 6.5 fps was used. The cross-sectional dimension of the 
driving weight of the actual corer, 1.187 ft, was chosen as the character- 
istic dimension. The density of a representative sample of sea water 
with a salinity of 35°/00, a temperature of 20°C, and at atmospheric 
pressure is 1.989 slug esos The dynamic viscosity for the same condi- 
tions of temperature, salinity, and pressure is 2.28 x 107? slug ft sec. 
These values resulted in a Reynolds number of 674461. The corresponding 
wind tunnel air speed using the dimension of the model driving weight of 
0.247 ft as the characteristic dimension was 457.6 fps, which converts to 
312 mph. This exceeds the 200 mph rated upper limit of the wind tunnel 
used. However the corresponding speed of descent for the ocean using 200 
mph is 4.36 fps, which is well within the estimated coring tool descent 
speed limits. The air speed in the tunnel varied during testing between 
207 and 190 mph. Therefore the testing at all times simulated speeds of 
descent in salt water between 4.14 and 4.51 fps. Pope (1966) indicates 


that the Mach number (N) effects are rarely important for values less 
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than 0.4. No for 200 mph is 0.266. 

Another factor which must be considered is the nature of the compres- 
sibility of the fluids, sea water and air. Schlichting (1960) states 
that the compressibility of a gas can be ignored if 0.5 nN is much less 
than 1. This value for 200 mph is 0.0357. Streeter (1958) states that 
fluid flow may be treated as incompressible if the density changes are 


gradual and do not vary by more than a few percent. 


i. MODELING 

A corer presently manufactured and extensively used was selected and 
an approximate 1:4.8 scale model of it was made out of solid stock alumi- 
num. The driving weight and core barrel are one piece, bored through 
along the longitudinal axis and tapped at the trailing end. Various fin 
assemblies were fabricated which could be mounted on the trailing end. 
They were separated from the driving weight by various length sleeves, 
locked in place to prevent backing off by a stud and lock nut. The total 
length of the finished model was 20 inches, 10 inches of which is core 
barrel (Plates 1 and 2). 

In order to make some aspects of the different fin assemblies some- 
what comparable, various dimensions were maintained as constants. The 
height of all fin assemblies is the same. The minimum exterior diameter 
of fins 2 through 6 is the same dimension as the largest diameter of fin 
1 (Plate 3). The interior vanes of fins 2 through 6 have the same leading 


edge angle as that of fin l. 


us TEST EQUIPMENT 
The U. S. Naval Postgraduate School Aerolab 32 x 45 inch sub-sonic, 
atmospheric wind tunnel is a continuous operating, closed circuit wind 


tunnel having a speed range of 0 to 200 mph (Plate 4). 
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PLATE 1 
Coring Tool Model with Support Rods 
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Coring Tool Model Assembled 
with Fin 





PLATE 3 


Fin Assemblies 
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The Aerolab ‘'543'' wind tunnel beam balance contains three essentially 
separate force measurement systems combined into one. 

The model is supported by means of three struts. Two wing struts 
restrain the model against lift, drag and yawing moment forces, and the 
tail strut restrains pitching moments about the wing strut holding pins. 
Each force and moment measuring system is entirely independent and is 
balanced singly. The gross forces are measured by manually manipulating 
weights, large values being measured on graduated notched beams and small 
values measured by means of a weight moved on a graduated threaded spindle. 
Balance is indicated when two neon lights that are actuated by sensitive 
contact points flicker uniformly. The beams are equipped with adjustments 
for balancing out the weight of the model and zeroing the beams, thereby 
permitting data to be read from an initial zero position. During testing 
the model may be pitched through a range of + 45° (Plate 5). 

Air speed calculations are made from the data recorded from a 100 cm 
micromanometer. Temperature is read from a bimetallic thermometer located 
in the tunnel wall. Calibration of all equipment was performed by 


Aeronautics Laboratory technicians. 


She PROCEDURE 

The desired fin - coring tool combination was assembled and mounted 
on to the beam balance struts using metallic dowel pins, insuring in the 
process that the model was not bound and was free to rotate on the pins. 
The model alignment was checked for zero yaw, and the beam balance yaw 
indicator was adjusted accordingly. 

A portable mechanical angle indicator was placed on the model, to 


determine the correlation between the angle of deviation of the model and 


21 





TSNNNL ONIM IVINOZIYOH - DILVWSHOS 


y IlVI1d 
V-Y YUoljdaS Q@-Q u0l9aS 





uoIjIaS jSay 


22 





JING TYE NYFF LNAINODNOD E PHY IOYTSIY 





S WIV 1d 


SLND/7 POIVNS DINWTWE 


LABAIIWALTODE! BSW VOD 


LMBOLBAMI SY PON BAS 


AMIPELENL IY FIINY MOL be 


AMIPELSNLGW FIONN MVA 





the beam balance pitch indicator. The beam balance pitch indicator was 
adjusted until the portable indicated zero angle. The angle indicated 
by the pitch indicator was recorded. The same procedure was followed 
fOreancles of 5°,.10°.. 5°, 20> 25° , 30° saand 35°. 

The vibrator motor attached to the beam balance was turned on to 
eliminate static friction while balancing the force measuring systems. 
After balancing the moment and drag force systems, the tare moment for 
each assembled model was measured at each of the above angles. Tare 
moment is a static moment that exists because of the distribution of the 
weight of the model on the struts with no wind force being applied. The 
vibrator motor was turned off and the wind tunnel motor started and run 
up to maximum rpm. 

With the balance pitch indicator adjusted to 0°, the temperature and 
the height of the micromanometer were recorded and the moment and drag 
forces were measured by balancing their respective systems until the neon 


lights flickered evenly. After recording the 0° values, measurements were 


y] 
also made for the angles from 5° to 35° in 5° increments. Prior to mea- 
suring the moment and drag for the angles of 0°, 10°, 20°, and 30°, the 
temperature and micromanometer height were recorded. 

On various occasions the drag and moment values were rechecked prior 
to stopping the motor. Due to the rise in temperature that occurred with 
each run, the last significant figure would vary for each measurement. 


However this change was of a magnitude at most of a few digits, and was 


therefore considered to be insignificant. 


4. TESTS 
The effects of fin rotation, sleeve separation, fin reversal, and 
fin modification were investigated. Fin 1 and fin 2 modified are similar 


to fin types presently used on coring tools. The righting moment of these 
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fins was established through testing and compared against the righting 


moment of fins 3 through 6. 


Run Number 


ie. 


Ile 


Zi 


oe 


14. 


Lp 


16. 


Coring tool model with no fins attached 


Coring tool model, fin 1 attached, 1 inch sleeve separation, 


vanes oriented in a horizontal/vertical 


position (+) 


Coring tool model, fin 1 attached, 1 inch sleeve separation, 
vanes oriented 45 degrees from position in run 2 (X) 


Coring tool model, fin 2 attached, 1 inch sleeve separation, 


vanes oriented in a horizontal/vertical 


position (Plate 6) 


Coring tool model, fin 3 attached, 1 inch sleeve separation, 


vanes oriented in a horizontal/vertical 


position, regular type 


Coring tool model, fin 3 attached, 1 inch sleeve separation, 
vanes oriented 45 degrees from position in run 5, regular type 


Coring tool model, fin 4 attached, 1 inch sleeve separation, 


vanes oriented in a horizontal/vertical 


position, regular type 


Coring tool model, fin 5 attached, 1 inch sleeve separation, 


vanes oriented in a horizontal/vertical 


position, regular type 


Coring tool model, fin 6 attached, 1 inch sleeve separation, 


vanes oriented in a horizontal/vertical 


Coring tool model, fin 3 attached, 1.25 
vanes oriented in a horizontal/vertical 


Coring tool model, fin 4 attached, 1.25 
vanes oriented in a horizontal/vertical 


Coring tool model, fin 5 attached, 1.25 
vanes oriented in a horizontal/vertical 
(Plate 8) 


Coring tool model, fin 6 attached, 1.25 
vanes oriented in a horizontal/vertical 


position, regular type 


inch sleeve separation, 
position, reversed type 


inch sleeve separation, 
position, reversed type 


inch sleeve separation, 


position, reversed type 


inch sleeve separation, 
position, reversed type 


Coring tool model, fin 1 attached, 2 inch sleeve separation, 


vanes oriented in a horizontal/vertical 


position (Plate 6) 


Coring tool model, fin 2 attached, 2 inch sleeve separation, 


vanes oriented in a horizontal/vertical 


position 


Coring tool model, fin 5 attached, 2 inch sleeve separation, 


vanes oriented in a horizontal/vertical 
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position, regular type 


Run Number 


lee 


18. 


Ibs 


20. 


ere 


Ze 


258 


24. 


Ds 


26% 


oe TEST 


Gross 


this value 


Coring tool model, fin 2 attached, 2 inch sleeve separation, 
vanes oriented in a horizontal/vertical position, modified 
type (Plate 7) 


Coring tool model, fin 5 attached, 2 inch sleeve separation, 
vanes oriented in a horizontal/vertical position, modified 
type 


Coring tool model, fin 6 attached, 2 inch sleeve separation, 
vanes oriented in a horizontal/vertical position, modified 
type (Plate 9) 


Coring tool model, fin 5 attached, 2 inch sleeve separation, 
vanes oriented in a horizontal/vertical position, modified- 
slotted type 


Coring tool model, fin 5 attached, 1.25 inch sleeve separation, 
vanes oriented in a horizontal/vertical position, reversed- 
modified-slotted type (Plate 9) 


Coring tool model, fin 4 attached, 1.25 inch sleeve separation, 
vanes oriented in a horizontal/vertical position, reversed- 
slotted type 


Coring tool model, fin 4 attached, 1.25 inch sleeve separation, 
vanes oriented 45 degrees from position in run 22, reversed- 
slotted (Plate 8) 


Beam balance struts without model attached, to determine drag 
contributed by struts at zero angle of deviation 


Coring tool model with no fins attached, zero angle of deviation, 
air speed increased from 60 to 200 miles per hour at 5 centimeter 
increments. The purpose was to obtain data to plot drag co- 
efficient versus Reynolds number 


Coring tool model, fin 6 attached, 2 inch sleeve separation, 
vanes oriented in a horizontal/vertical position, modified- 
slotted type, same testing procedure as run 25 

DATA REDUCTION 


moment is the quantity registered by the beam balance. From 


the tare moment is subtracted, to yield the net righting moment. ¢ 


Since the model is theoretically symmetrical in all respects, there shoul: 


be no net moment at 0° angle of deviation. Values registered at 0° were 


likely cau 


sed in part by the support rods which attached the model to the 
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PLATE 6 





FIN 1: separation: 2in. 
alignment: + 
lype: reg. 


| all 


FIN 2: separation: — 1in. 





alignment: + 


type: reg. 





PLATE 7 





FIN 2: separation: 2in. 
alignment: = + 
type: mod. 





FIN 4: separation: 2in. 
alignment: + 


type: reg. 





PLATE 8 
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Cn ATED A 


FIN 4 seperation. 125in. 
alignment: X 
type: rev. slo. 





FIN 5: separiufion: 1.23in. 
aligaiment: + 


type: rev. 





PLATE 9 





FIN 5 separation: 125 in. 
alignment: + 
type: rev. mod. slo. 





FIN 6: separation:  2in. 
alignment: + 


type: mod. 





balance struts and in part by minor warping of the vanes during welding. 
To obtain a zero net righting moment at 0°, the moment at 0° was sub- 
tracted from each of the values for 0° through 35° (Table 1). 

The wind tunnel air speed as measured by the calibrated Pitot tube in 
the "543" tunnel was calculated from the empirical relationship for that 
Pitot tube using the micromanometer reading as follows: 


wind tunnel air speed (mph) 
micromanometer fluid height 


(cm) 


veer | 20. eae LL V 


= 
it 


The gross drag is that quantity registered by the balance. From 
this value the drag due to the balance struts was subtracted, yielding 
the model drag (Table 1). Fin drag is the result of subtracting the model 
drag without fins from the model drag of the tool-fin combine being 
investigated. This drag is the drag contributed by the fin for that parti- 


cular combination, and is not the total drag of the fin assembly that 


would be recorded if the fin assembly was tested unattached to a coring 


tool. 
Drag coefficient, Ch» was calculated using the value of model drag. 
2 OD “ : 
Cy > Seo f = density of the gas 
Apu A = cross sectional area computed 


using the characteristic 
diameter 
u =. air speed 
D = model drag 
In determining the coefficient of drag from wind tunnel experimentation, 
the effect of drag caused by the tunnel walls should be considered. Since 
this study was a determination of the relative performance of various fin 


assemblies, it was not considered essential to determine the wall drag 


effect. Any deficiency in the calculated data should be small since the 
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TABLE 1 
CORING MODEL (No Fins) 


Type: NA 
Separation: NA 
Alignment: NA 
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model was small compared to the tunnel test section. Net righting moment, 


drag coefficient, temperature, and air speed data are recorded in Ap- 


pendix Tables A through V. The data for runs 25 and 26 is recorded in 


Appendix Table W. 
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RESULTS AND DISCUSSION 

Righting moment versus angle of deviation for runs 1 through 23 is 
plotted on figures 1 through 8. The coring tool model without fins is 
unstable and showed a tendency to fall on its side under even the slightest 
angle of deviation (Figure 1). Increasing the separation distance for 
models with fins increased the righting moment (Figures 2, 3, 6). Rotating 
the vane orientation by 45° gave variable results (Figures 2, 4, 5). Fin 
2 modified is superior to fin 1 from 0° to 16° (Figure 8). In general the 
reversed and reversed slotted types of fins proved to be superior in the 
range 0° to 12° to either fin 1 or fin 2 modified. A comparison of Appen- 
dix Tables A through V gives an indication of the range of superiority for 
each fin assembly. 

Fin 6 reversed was the only fin that was superior to either fin 1 or 
fin 2 modified over the entire range of testing (Figure 8). A percentage 
comparison at the angles of 5°, 10°, and 15° shows fin 6 reversed to be 
170 percent, 71 percent, and 32 percent respectively, superior to fin l, 
and 25 percent, 20 percent and 16 percent respectively, superior to fin 2 
modified. As previously noted an increase in the separation distance in- 
creases the righting moment. It is significant to note that the eevee 
fins could only be tested at a separation distance of 1.25 inches due to 
model design limitations, while fin 1 and fin 2 modified were tested at a 
separation distance of 2 inches. Therefore in actuality fin 6 reversed 
has a greater righting moment superiority than indicated. 

Fin 4 reversed slotted was slightly inferior to fin 4 reversed for 
the range 0° to 11°. However above 11° its superiority is evident (Figure 
5). This characteristic can be attributed to the fact that at higher 
angles the vanes are semi-exposed to the flow, instead of being shielded 


by the shroud, and therefore are capable of contributing to the righting 
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moment. Fin 6 could not be slotted because that fin had already been 
modified when the slotting phase of testing was done. However based on 
the results of fin 4 reversed slotted, fin 6 reversed slotted could test 
out to be the most desirable fin assembly. 

For fins 3, 4, 5 and 6 the regular type created less drag than did 
the reversed type (Table 2). The drag coefficients which resulted be- 
cause of the range of air speeds at which testing was conducted are nearly 
constants. (Figure 9). 

Sediment types have different optimum penetration speeds which repre- 
sent a compromise between sample disturbance and depth of penetration. In 
a fluid field, drag plus buoyant force equals the weight of the coring 
tool for non-accelerated cases. If the coefficient of drag for a parti- 
cular coring tool - fin combination is known in addition to the optimum 
speed of descent, the weight necessary to attain that descent can be cal- 
culated. This presumes that the coring tool has the capability of having 
weight added, a presumption which is not valid for many of the present 


styles of coring tools. 
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TABLE 2 
Comparison of Model Drag and Drag Coefficients 
for 


Fins 3, 4, 5, 6 (Regular and Reversed) 


Type separation Alignment Model Drag Drag Coefficient 


(inches) 
reg. 1 + Fo.0o7 - FLO 
rev. 125 + “Fi ere 1.546 
reg. 1 + +4..324 .870 
rev. 125 + +8.923 1. S36 
reg. 2 + +6 . 684 1.386 
rev. eZ + +9.886 2.069 
reg. iL + +11 3656 2.439 
rev. 1.25 + “FL 2 2.506 
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SUMMARY COMMENTS 

For coring tools whose shapes generally conform to the shape of the 
model used in this investigation, fin 6 reversed provides a superior 
righting moment. For a full scale coring tool the length of the fin as- 
sembly should be 94 percent of the longitudinal length of the driving 
weight. The apex of the cone from which the shroud is fabricated is 24°. 
The minimum exterior diameter of the shroud is 135 percent of the trans- 
verse dimension of the driving weight. 

Based on test results it is evident that the stabilizing fin assembly 
should be placed as far above the driving weight as is possible. An opti- 
mum separation distance exists which varies with the length of the coring 
tool, the diameter of the coring tube, and the righting moment of the fin 
assembly. A cylindrical shaped body is prone to falling on its side re- 
gardless of its initial angle of entry into the fluid. It is necessary to 
measure, or calculate from theory, the + moment that the particular coring 
tube will exibit through a range of angles. Knowing those moments, one 
can calculate the moment arm (separation distance) that the moment of the 
fin assembly must be multiplied by to cancel the + moment and insure a verti- 
cle descent. 

A fin assembly designed for a particular shaped coring tool may prove 
to be the best assembly for that tool, but at the same time may prove to 
be an inferior assembly for another shaped tool. One reason for this is 
the type of fluid flow generated by the driving weight which effects the 
righting capability of the assembly. For example according to Streeter 
(1958) a tear shaped driving weight in subsonic flow creates much less 
turbulence and consequently drag, than the driving weight used on the 
model in this report. It is therefore suggested that driving weights be 


made tear shaped in addition to being adjustable. 
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ns 


It is possible to determine the moment and drag forces from theoreti- 
cal calculations. However for complex bodies such as those studied in 
this report, wind tunnel testing has proven to be an accurate more rapid 
method. 

It is evident from the general shape of the present type coring tools, 
fin shapes, and dearth of prior information that comparatively little 


study has been made in the area of coring tool stabilization. 
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APPENDIX 
Symbols and Nomenclature for Tables A-W 


angle in degrees indicated by the beam balance pitch 
indicator 


angle of deviation of the model in angular degrees 
refers to vane orientation with respect to horizontal 
coefficient of drag 


centimeter height of the micromanometer 


registered in pounds by the beam balance 

drag created by the struts 

gross drag minus support drag 

that portion of the model drag created by the fin 
assemblies attached to the model 


registered in pounds by the beam balance 

a static moment that exists because of the distribution 
of the weight of the model on the struts with no wind 
force being applied 

gross drag minus tare drag 

obtained by subtracting the net moment at zero degrees 
from each of the net moments O to 35 degrees 


Reynolds number 


minimum distance from the rear of the driving weight 
to the most forward part of the fin assembly 


refers to wind tunnel air speed 


(reg.), tapered edge (leading edge) of vanes are 
pointed toward the driving weight 

(rev.), tapered edge of vanes are pointed away from 
the driving weight 

(mod.), exterior shroud is cut back to the point of 
intersection of vane and shroud 

(slo.), longitudinal strips are cut from the shroud 
on either side of the vanes 
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CORING TOOL MODEL (Fin 1) 
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Separation: 1 inch 
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CORING TOOL MODEL (Fin 1) 


Type: 


Separation: 
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Alignment: X 


29! 
5625." 
10525" 
eel 
20°30' 
25250," 
30°25' 


525. 


0 
5 
10 


1 


wn 


20 


25 


30 


35 


= —Se EE SEE EE 


= fee ree oe 8 
pe [af 

ern ere ee 
oo ree) es Ere ee 


—e ~-42.41 -38.58 el ee 47.54 


| 30 | 52. sta 42 | -43.73 Peat 


Ble |s | ele 
an 
Te oe 
Pry ee 
+a.sol | | 
+ 9.920) | 
+a 10987 = a. 
a a. 


+14.800 


51 


196.76 
196.76 
196.76 
eee 
194.85 


TABLE C 
CORING TOOL MODEL (Fin 1) 


Type: Regular 
Separation: 2! 


Alignment: 3 
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TABLE D 


CORING TOOL MODEL (Fin 2) 


Type: Regular 


Separation: 1 inch 
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TABLE E 
CORING TOOL MODEL (Fin 2) 


Type: Regular 
Separation: 2 inch 
Alignment: + 
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TABLE F 
CORING TOOL MODEL (Fin 2) 


Type: Modified 


Separation: 2 inch 
Alignment: + 
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TABLE G 
CORING TOOL MODEL (Fin 3) 


Type: Regular 
Separation: 1 inch 
Alignment: + 
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TABLE H 


CORING TOOL MODEL (Fin 3) 
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TABLE I 
CORING TOOL MODEL (Fin 3) 


Type: Reversed 
Separation: 1.25 inch 
Alignment: + 
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TABLE J 
CORING TOOL MODEL (Fin 4) 


Type: Regular 
Separation: 1 inch 
Alignment: + 
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TABLE K 
CORING TOOL MODEL (Fin 4) 


Type: Reversed 
Separation: 1.25 inch 


Alignment: + 
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TABLE L 
CORING TOOL MODEL (Fin 4) 


Type: Reversed, slotted 


Separation: 1.25 inch 
Alignment: + 
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TABLE M 
CORING TOOL MODEL (Fin 4) 


Type: Reversed, slotted 
Separation: 1.25 inch 
Alignment: X 
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TABLE N 
CORING TOOL MODEL (Fin 5) 


Type: Regular 
Separation: 1 inch 
Alignment: * 
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TABLE O 
CORING TOOL MODEL (Fin 5) 


Type: Regular 


Separation: 2 inch 
Alignment: + 
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CORING TOOL MODEL (Fin 5) 
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Separation: 1.25 inch 
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CORING TOOL MODEL (Fin 5) 


Type: Modified 


Separation: 2 inch 


Alignment: + 
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TABLE R 
CORING TOOL MODEL (Fin 5) 


Type: Modified slotted 


Separation: 2 inch 


Alignment: + 
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CORING TOOL MODEL (Fin 5) 


Type: Modified Slotted Reversed 
Separation: 1.25 inch 
Alignment: + 
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TABLE T 
CORING TOOL MODEL (Fin 6) 


Type: Regular 
Separation: 1 inch 
Alignment: + 


eee os 


mt | | nity | ite | Stn | Sat P| ao 
+ ast] @ Laat - baal o | 9 | ass 
tserot] § [160 | - 17 [a3 |e 22{ | 
morio"| ' |erren | - 64 |-rna7 |. 9.96] 99 | 47.88 
sist1o"| 15 |-25.82 | -1.29 |-24.53 |-23.92] - | - 
soseist| 25 |La3.19 | 23.62 |-39.57 [238.36 | 104 | = 


worm} 20 | | | Pe 


ee ee 


“Teles [« 
2.435 
ie aa 
10 fasoor] | 
eed ee 


wm 


Mba) | |? 
5 tasars| | | 
ee 
ee re 


69 


a ere ee ee ee ee te 


speed 
m.p.h. 


196.78 


195.54 


194.13 


TABLE U 
CORING TOOL MODEL (Fin 6) 


Type: Reversed 
Separation: 1.25 inch 
Alignment: + 


== Tae [ae > [es 
eae eee 
eT eT 
16°15! eee eae meee : 
setan’| "sorts | -2h96 bean nu bso ree 194.09 
ee ey a a eS 


$ 
“lel lelelele 
0 14.769 142.598 }4+12.171| +9.278| 2.506 
5 fusaze} | | 


al 
Mee al 
7 ~* 
pss] | IL © 
ee 
oo 


E~ —————— 


CORING 


TABLE V 
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Test aborted after CC = 10 degrees due to unpromising results 
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